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(54) Liquid discharge apparatus having magnetic valve 



(57) A liquid discharge apparatus, such as a neb- 
ulizer, discharges liquid droplets by supplying the liquid 
to a vibrating element having a plurality of openings. A 
valve between a reservoir for the liquid and the element 
has a tube extending toward the vibrating element. The 
tube has a valve seat. The tube extends through a mag- 
netic coil in the body of the nebulizer. A ferromagnetic 
stopper is positioned in the tube and biased toward the 
valve seat. Energization of the magnetic coil lifts the 
stopper off the valve seat to allow liquid to flow to the 
vibrating element. In the alternative, the valve may be 
placed in the reservoir for operation by a ferromagnetic 
actuator The coil may include an electrode for measur- 
ing, in conjunction with the vibrating element, an imped- 
ance indicative of the amount of liquid provided to the 
element. The impedance so measured may be used to 
control the amount of liquid supplied from the reservoir. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an improved 
apparatus, such as a nebulizer apparatus for discharg- 
ing liquids. Nebulizers, or atomizers, are devices that 
generate a fine spray or aerosol, usually of liquid. A par- 
ticularly useful application for nebulizers is to provide a 
fine spray containing a dissolved, or a suspended par- 
ticulate or colloidal, pharmaceutical agent for adminis- 
tration to a subject by inhalation. Such inhalation treat- 
ment is highly effective for conditions affecting the sub- 
jects respiratory organs. Further, since the lungs are 
close to the heart and the blood circulatory system of 
the body, drug administration by inhalation provides an 
effective and rapid delivery system to all organs of the 
body. Other applications for liquid discharge apparatus 
include dispensing insecticides, paint or other coating, 
deodorants, water for humidification, etc. Other devices 
that may incorporate the present invention include print- 
ers in which ink is discharged onto paper. 
[0002] When dispensing a pharmaceutical agent, the 
nebulizer may be placed directly in the mouth or nose 
of the subject so that the spray can be entrained in the 
respiratory, gases inhaled during normal, spontaneous 
breathing of the subject. In other cases, the subject 
breathes with the aid of a respiratory ventilator. A typical 
ventilator has a breathing circuit comprising an inhala- 
tion limb and an exhalation limb connected to two arms 
of an Y-connector. The third arm of the Y-connector is 
connected, via a patient limb, to a mouthpiece, mask, 
or endotracheal tube for the subject The ventilator pro- 
vides a complete or partial supply of breathing gas to 
the subject through the inhalation limb during inhalation. 
The contraction of the subjects lungs discharges gases 
through the exhalation limb during exhalation. When a 
nebulizer is employed in conjunction with a ventilator, it 
is typically placed in the patient limb but can also be 
placed in the inhalation limb. 

[0003] Nebulizers currently in use for ventilator appli- 
cations generate the spray either pneumatically or by 
means of ultrasonic vibrations. Pneumatic nebulizers 
are typically used with a liquid, such as an aqueous drug 
solution. High pressure driving gas is conducted through 
a nozzle to draw the drug from a drug supply for the neb- 
ulizer. The drug is discharged against a baffle or other 
means in a gas space of the nebulizer, breaking the liq- 
uid into a fine spray. The gas space is in fluid commu- 
nication with the inhaled gas pathway of the breathing 
circuit so that the gas flow discharged from the nozzle 
along with the nebulized drug is conducted to the breath- 
ing circuit and ultimately to the subject. 
[0004] Disadvantages in the use of pneumatic neb- 
ulizers include the following. If the nebulizer adds a sig- 
nificant quantity of gas, for example, up to five liters/ 
minute, into the breathing circuit, the breathing gas com- 
position may be affected. Due to passage of the driving 



gas through the nozzle, impingement of the drug on the 
baffle, etc., pneumatic nebulizers are noisy. And, con- 
trolling the commencing and stopping of the drug agent 
spray is difficult and is not very accurate, resulting in 
s wastage of the drug. 

[0005] The foregoing shortcomings of pneumatic neb- 
ulizers have led to the use of ultrasonic nebulizers in 
which the fine spray is produced by ultrasonic vibration 
of the liquid, as by a piezoelectric crystal. Breathing gas 
10 composition and the on-off operation are easier to con- 
trol with such nebulizers than with a pneumatic nebuliz- 
er. However, existing ultrasonic devices may require a 
large, bulky electrical power supply to power the crystal 
and may not be able to nebulize colloidal or particulate 

is suspensions. 

[0006] Tn one type of ultrasonic nebulizer, the fine 
spray is produced by dropping the liquid on, or otherwise 
applying it to, the vibrating element. See U.S. Patent 
5,443,059. U.S. Patent 3,812,854 describes another 

20 type of nebulizer for inhalation therapy in which the 
spray is generated on the front surface of a vibrating, 
porous body. The pores of the body form a network of 
passages that enable the liquid to flow through the body. 
The liquid to be nebulized is supplied under pressure 

25 from a liquid supply through a liquid conduit to the pores, 
and forced through the pores to the front surface of the 
porous body where it is discharged as a spray. U.S. Pat- 
ent 5,487,378 describes a nebulizer in which the aerosol 
is formed using a mesh plate instead of a porous solid 

30 body. The mesh plate has a plurality of orifices for the 
liquid. The liquid or the nozzle assembly is vibrated ul- 
trasonically by a piezoelectric element to nebulize a 
dose of liquid as ft passes through the mesh plate. 
[0007] U.S. Patents 5, 518,179 and 5,299,739 de- 

35 scribe nebulizers in which capillary feed is used to sup- 
ply liquid to the vibrating element. A further alternative 
for liquid supply is achieved by condensing a liquid va- 
por on one face of a membrane, the liquid thus con- 
densed being dispensed in droplet form. See U.S. Pat- 

40 ent 5,51 8,1 79. 

[0008] U.S. Patent 5,938, 1 1 7 describes an apparatus 
for dispensing liquids as an atomized spray having a flu- 
id supply system that transports liquid to an apertured 
oscillating surface. The fluid supply system is connected 

45 to an electronic flow control valve. The valve is connect- 
ed to an electronic circuit. In the event of the delivery of 
excess liquid, the surface oscillation amplitude decreas- 
es and the current draw by the piezoelectric element de- 
creases. A current sensor circuit senses the current 

50 draw and transmits an overflow signal to the flow control 
valve to reduce the delivery rate of liquid to the surface 
until the amount of fluid returns to a normal level. 
[0009] A specific difficulty with current liquid dis- 
charge apparatus, such as nebulizers, is the clinical as- 

55 pect. Some parts of the nebulizermay come into contact 
with the breathing gas of the patient and those parts 
should be carefully cleaned or changed when changing 
between subjects to minimize bacteria infections. Other 
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parts of the nebulizer may, furthermore, be in contact 
with different anaesthetic agents in the breathing gases, 
which are specific to each subject. Those parts should 
also be cleaned orchanged when changing to a different 
patient. Still other parts of the nebulizer are in contact 
with the pharmaceutical drug administered to a given 
subject. These parts should be cleaned when changing 
to a different drug or a different subject. 
[0010] The foregoing problems have increased the 
cost and complexity, and reduced the ease of use of liq- 
uid discharge apparatus. 

BRIEF SUMMARY OF THE INVENTION 

[0011 ] An object of the present invention is to provide 
an improved apparatus having an accurate liquid supply 
system to supply liquid to a displaceable element so that 
it can be efficiently discharged from the apparatus. An- 
other object of the invention is to provide an apparatus 
having a liquid supply system in which those parts that 
are exposed to the liquid during operation are change- 
able or/and disposable to reduce the cleaning work 
when changing liquids or, if the apparatus is a drug dis- 
pensing nebulizer, when changing subjects. 
[0012] The above and other objects are attained by a 
liquid discharge apparatus comprising liquid discharge 
means, such as a mesh plate connected to a piezoelec- 
tric vibrating means. The apparatus also comprises a 
liquid supply system including a valve having, in one em- 
bodiment, a fixed part and a changeable or disposable 
part to control the liquid flow to the liquid discharge 
means via a liquid conveying means. The liquid supply 
system has a liquid reservoir attached to the changeable 
part of the valve from which the liquid is fed to the valve. 
The fixed part of the valve includes an electromagnet. 
A ferromagnetic member is positioned in the magnetic 
field to control liquid flow through the liquid conveying 
means. A liquid detection system detects the liquid ar- 
riving at the liquid discharge means from the liquid res- 
ervoir and controls the valve which regulates the liquid 
flow using the fixed part of the valve. 
[0013] In another embodiment, the valve is placed in 
the liquid reservoir and the liquid supply system includes 
an actuator for the valve. 

[0014] Various other features, objects, and advantag- 
es of the invention will be made apparent from the fol- 
lowing detailed description and the accompanying 
drawing. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

[0015] In the drawings: 

Fig. 1 is a general cross sectional view of the liquid 
discharge apparatus of the present invention, the 
operating environment for the apparatus being 
shown in generalized schematic form; 
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Fig. 2 is an exploded, cross sectional view showing 
the apparatus of the present invention; 
Figs. 3a and 3b are cross sectional views showing 
the filling of the liquid reservoir of the apparatus of 
Fig. 1; 

Figs. 4a and 4b are schematic views showing the 
operation of the vibrating and atomizing means of 
the apparatus of Fig. 1; 

Fig. 5a-1 and 5a^2 are cross-sectional schematic 
views of components of a valve incorporated in the 
liquid discharge apparatus; 

Figs. 5b-1 and 5b-2 are generally orthogonal views 
of one embodiment of the part of the valve shown 
in Fig.5a-t that controls liquid flow from through the 
valve; 

Figs. 5b-3 and 5b-4 are generally orthogonal views 
of another embodiment of the part of the valve 
shown in Fig. 5a-a that controls liquid flow through 
the valve; 

Figs. 6a and 6b are cross-sectional, schematic 
views showing operation of the valve of Fig. 5; 
Figs. 7 is a cross sectional, exploded schematic 
view of another embodiment of a valve suitable for 
use in the liquid discharge apparatus of the present 
invention; 

Figs. 8a and 8b are cross sectional, schematic 
views showing the operation of the valve of Fig. 7; 
Fig. g shows a further embodiment of a valve suit- 
able for use in the liquid discharge apparatus of the 
present invention; and 

Fig. 10a and 10b are cross sectional schematic 
views showing the operation of the valve of Fig. 9. 

DETAILED DESCRIPTION OF THE INVENTION 



[0016] Liquid discharge apparatus 1 of the present in- 
vention is shown as a nebulizer in Fig. 1 and is typically 
used in conjunction with breathing circuit 2, ventilator 3 
and control unit 4. The nebulizer apparatus 1 atomizes 

40 liquid solutions or suspensions for delivery to a subject, 
as for example as a drug treatment for a patient. Breath- 
ing circuit 2 includes inhalation limb 5, which is coupled 
to ventilator 3 at inhalation limb connector 6. Exhalation 
limb 7 is connected to ventilator 3 at exhalation limbcon- 

45 nector 8. Inhalation limb 5 and exhalation limb 7 are con- 
nected to two arms of Y-connector 9. A third arm of Y- 
connector9 is connected to one end of patient limb 10. 
The other end of patient limb 1 0 is directed to a mouth- 
piece, facemask, or endotracheal tube for the subject, 

so [0017] Ventilator 3 provides all or a portion of the 
breathing gases for the subject by providing inhalation 
gases in inhalation limb 5. The inhalation gases pass 
through Y-connector 9 and into patient limb 10for supply 
to the subject On exhalation, the breathing gases pass 

55 through patient limb 10, Y-connector 9, and exhalation 
limb 7 back to ventilator 3, 

[0018] As shown in Fig. 1 , the nebulizer apparatus 1 
is preferably positioned in patient breathing circuit 2 as 
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near the subject as possible to minimize the aerosol 
transport path, and to minimize the deposition of the aer- 
osol on the walls of the breathing circuit. To this end, 
nebulizer apparatus 1 may be inserted in the breathing 
circuit between Y-connector 9 and patient limb 10. The 
Y-connector 9 has a socket 1 1 for receiving tubular pro- 
jection 12 of adapter 13 for nebulizer apparatus 1 . The 
tubular socket 1 4 of the adapter 1 3 receives the patient 
limb 10. The adapter 13 also has a tubular socket 15 in 
which nebulizer apparatus 1 is placed. Nebulizer appa- 
ratus 1 has tubular projection 1 6 for this purpose. When 
nebulizer apparatus 1 is not needed, or when the neb- 
ulizer apparatus is removed for cleaning or mainte- 
nance, a cap (not shown) may be fitted into or over the 
opening of socket 1 5 to allow breathing circuit 2 to func- 
tion in a normal manner. Alternatively, the entire adapter 
13 and nebulizer apparatus 1 may be removed from the 
breathing circuit, and patient limb 1 0 reconnected direct- 
ly to Y-connector 9. Control unit 4 is typically located 
separately from nebulizer apparatus 1 and may be in- 
corporated in ventilator 3, if desired. 
[0019] Nebulizer apparatus 1 includes a liquid reser- 
voir 17 for material to be nebulized. In the embodiment 
shown in the drawings, reservoir 17 is removably mount- 
ed on nebulizer apparatus 1 . Alternatively it may be re- 
mote from nebulizer apparatus 1 . A two-part, liquid flow 
controlling valve 18 is provided between the liquid res- 
ervoir 17 and the atomizing means 19 of nebulizer ap- 
paratus 1 . In the embodiment of the invention shown in 
Figs. 2-6, one part of the valve is attached to removable 
reservoir 1 7. The other part of the valve is placed inside 
the body of nebulizer apparatus 1 . The two parts togeth- 
er form control valve 18. Electrical control signals are 
supplied to control valve 18 via cable 20 from control 
unit 4. 

[0020] As noted above, the material to be nebulized 
can comprise a solution, or a particulate or colloidal sus- 
pension, of a product, such as a pharmaceutical agent. 
For purposes of explanation, the material undergoing 
nebulization is hereinafter generally described as a liq- 
uid. 

[0021] Nebulizer apparatus 1 is shown in detail in the 
cross sectional, exploded view of Fig. 2. Nebulizer ap- 
paratus 1 shown in Fig. 2 has an annular housing 22 
with the tubular projection 1 6 In the lower part of it that 
mounts the apparatus in socket 15 of adapter 13. Hous- 
ing 22 may be formed of plastic or similar material. The 
planar base member 23 formed on the lower edge of 
housing 22 contains circumferentially spaced projecting 
parts 24 and 25. Housing 22 is attached to internal plug 
member 30 by a spiral or bayonet fastening formed, in 
part by openings 26 and 27. Associated projections 31 
and 32 are situated symmetrically on opposite sides of 
plug member 30 and fit into openings 26 and 27 formed 
in the housing 22. Plug member 30 may be separated 
from, or joined to, housing 22 by turning and pulling or 
turning and pushing plug member 30 with respect to 
housing 22. This allows the portions of apparatus 1 car- 



rying out the nebulizing of the liquid, positioned in cavity 
28 of housing 22, to be removed at the end of therapy 
for replacement, or for cleaning when a different phar- 
maceutical agent is to be administered to the subject. 
5 [0022] Projecting parts 24 and 25 separate the disc- 
like plate 50 from planar base member 23, preventing 
the opposing faces of the elements from touching. Plate 
50 is shown with enlarged thickness in Fig. 2. The di- 
ameter of plate 50 is smaller than the diameter of cavity 
10 28. Plate 50, made of a conductive material such as 
brass, contains a central opening 51 . A mesh plate 52, 
having at least one hole 53, is attached to plate 50 in 
central opening 51 . Mesh plate 52 may be mounted to 
plate 50 by gluing with glue, brazing, welding, or other 
is suitable technique. Plate 50 and mesh plate 52 may be 
formed from a single sheet of material, if desired. 
[0023] For a nebulizer, mesh plate 52 is a relatively 
thin plate having a plurality of holes 53. Mesh plate 52 
may be about 0.02 mm thick. The diameter of the holes 
20 at front surface 54 is preferably approximately 2-10 ujti. 
Such holes may be formed in the plate by an electrofor- 
ming process, which process produces holes of increas- 
ing diameter toward rear surface 55. However, straight 
holes will work equally well, the primary criterion being 
25 that the exit diameter in front surface 54 of mesh plate 
52 is such as to form droplets of the desired size. 
[0024] Front surface 54 of mesh plate 52 is exposed 
to the pressure of the breathing gases in breathing cir- 
cuit 2. These pressures will vary during inhalation and 
30 exhalation conditions in breathing circuit 2. For exam- 
ple, with artificial ventilation, breathing circuit pressures 
may increase up to 100 mbar during inspiration and 
thereafter decrease during expiration. Projecting parts 
24 and 25 separating plate 50 from the planar member 
35 23 form a pressure balancing channel between the plate 
50 and planar member 23 together with the spacing be- 
tween the plate 50 and the inside surface of the side wall 
of housing 22. These channels connect the volume be- 
tween plug member 30 and plate 50 with breathing cir- 
40 cuit 2 for equalizing the prevailing pressure at both sides 
of mesh plate 52. The pressure balancing provided by 
the channels prevents breathing gas from flowing 
through the holes in mesh plate 52, in opposition to the 
liquid being nebulized, which flow might degrade the op- 
45 eration of nebulizer apparatus 1 . It also avoids pressure 
stressing mesh plate 52 and causing leaks to occur 
through the mesh plate. 

[0025] Means are provided in apparatus 1 to displace 
plate 50 to discharge liquid. This means may comprise 
so a ring-like vibrating element, such as a piezoelectric el- 
ement 56, is mounted adjacent the upper surface of 
plate 50. Specifically, the piezoelectric element 56 is 
spaced from plate 50 by a small gap 57 and secured to 
plate 50 about its periphery by conductive glue, brazing, 
55 welding, or other suitable technique, shown as 58 in Fig. 
2. Piezoelectric element 56 has a central opening coax- 
ial with the central opening 51 of plate 50. 
[0026] Plug member 30 is formed from a non-conduc- 
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tive material, such as plastic, and is placed in the cavity 
28 defined by the housing 22. Lower part of plug mem- 
ber 30 has two power terminals 35 and 36 made of con- 
ductive material. Plug member 30 is placed on top of 
plate 50 so that the plate is between the electrodes and 
projecting parts 24 and 25. The terminal 35, which ter- 
minal may be in the form of a ring- shaped spring, con- 
tacts piezoelectric element 56 and is connected to cable 
20 through the plug member 30. A second electrical 
power terminal 36, also connected to cable 20 through 
plug member 30 , contacts conductive plate 50. Terminal 

36 may be electrically grounded for purposes of apply- 
ing a voltage to piezoelectric element 56 in conjunction 
with terminal 35. 

[0027] Tubular;sensingvelectrode./38,"whichLis:close 
to the upper surface /of mesh-plate 52, : isiused for im- 
pedance measurement ottherpresence of.liqu id in neb-' 1 
ulteer.apparatus 1 .in.conjunctiom^ is* 
opposite the sensing electrode. ; A small domed cavity 

37 may be formed in the lower surface of plug member 
30 to surround sensing electrode 38. As hereinafter not- 
ed, tubular sensing electrode 38 also forms part of a fer- 
romagnetic body for control valve 18. 

[0028] Valve 1 8, which is used for controlling the sup- 
ply of the liquid to vibrating mesh plate 52, is comprised 
of two components including a fixed part 39 and a 
changeable or disposable part 69. The fixed part 39 is 
located inside plug member 30 and the disposable part 
69 is affixed to the liquid reservoir. The disposable part 
69 is designed in a tubular form to extend through the 
cavity 40 of the fixed part 39, when the reservoir is at- 
tached to plug member 30. The disposable part 69 is 
capable, by itself, of functioning as a shut off for the res- 
ervoir, but, in conjunction with fixed part 39, it also func- 
tions as a valve which is used to regulate the liquid flow 
from the reservoir to vibrating mesh plate 52. 
[0029] Reservoir 1 7, identified more particularly as 60 
in Figs. 2 et seq., is attached to the top of plug member 
30 by spiral or bayonet fastening formed by openings 
61 and 62. Associated projections 33 and 34 are situat- 
ed symmetrically on the sides of plug member 30 and 
fit into openings 61 and 62 formed in the reservoir 60. 
Reservoir 60 may be fastened to, or unfastened from, 
plug member 30 by turning and pushing or turning and 
pulling the reservoir with respect to plug member 30. 
This allows the reservoir to be removed at the end of 
therapy for replacement, or when a different drug is to 
be administered to the subject. 

[0030] Reservoir 60 comprises a peripheral member 
63, a plate 64 made of material such as plastic, an elas- 
tic membrane 65 made of a material such as rubber, and 
the changeable or disposable part 69 of valve 1 8 affixed 
to the bottom of plate 64. Membrane 65 is stretched on 
the top of plate 64 and the two elements then pushed 
into peripheral member 63. Membrane 65, which is be- 
tween plate 64 and peripheral member 63, is locked in 
the channel 66 by the plate 64. Reservoir 60 may alter- 
natively be formed as a single part by using the modern 



multi component fabrication techniques using plastics. 
[0031] In the middle of membrane 65, on the upper 
side, is a thicker area 67 of the membrane separated by 
ring 68. Reservoir 60 is filled with a liquid to be atomized 
5 by injecting the liquid with a syringe through area 67 in- 
side the ring 68. Specifically, when the reservoir is emp- 
ty, membrane 65 is in the pre-strained state shown in 
Fig. 3a, which establishes enough pressure to empty the 
space beneath the membrane of liquid inside the reser- 
ve voir. When the reservoir is filled with liquid by injecting 
it with a syringe through the membrane in the area 67, 
as shown in Fig. 3b, pressure inside the reservoir in- 
creases as the membrane stretches. 
[0032] In operation, valve 18, which is used forsup- 
*5 plying the liquid to vibrating mesh plate 52, is opened in 
response to a signal from cable 20 and liquid flows from 
reservoir 60 toward the mesh plate 52. The liquid flows 
out through the disposable part 69, which is placed in- 
side the cavity of fixed part 39 and tubular sensing elec- 
20 trode 38, into contact with the upper surface of mesh 
plate 52. The cohesive ; f qrces linvtb^ 
umn of liquid extendi ng;between^ 
ing e.lectrode;S8and;m^ the trans- 

port of liquid ;frpm^ mesh plate, 52, the 

25 sensing:electrode 3 B.and th enmesh ,plate 52 function as 
sensinojelectrqdesih 

tweenEthe^lower^ehd ^oT^s^nsirigseie^ the 
rear.surface55okmeshVplate"52 . Tine detection is based 
on alteration ^f&he^^^ the two ele- 

30 ments that f u notion as sensi n g el ectrodes . 

[0033] With the continued supply of liquid, the in- 
creased column of liquid formed between the end of 
sensing electrode 38 and the rear surface 55 of mesh 
plate 52 will significantly alter this impedance. A signal 

35 from mesh plate 52 is obtained via terminal 36 and a 
signal from sensing electrode 38 is obtained via conduc- 
tor 1 00. The signals from the two sensing electrodes are 
inputted to an impedance sensor inside the control unit 
4 via cable 20 and are used by the control unit 4 to close 

40 valve 18 to terminate or reduce the supply of liquid. 
When the impedance between the electrodes changes 
due to the liquid receding away from the end of sensing 
electrode 38 and the rear surface 55 of mesh plate 52 
during operation of nebulizer apparatus 1 , the valve 

45 opens again to allow the flow of liquid from the reservoir. 
The delivery of liquid to be nebulized can be controlled 
either by continuously vibrating mesh plate 52 and con- 
tinuously regulating the liquid supply or by regulating the 
activation of mesh plate vibration and intermittently sup- 

50 plying liquid when the amount of liquid between the 
mesh plate 52 and the end of sensing electrode. 38 is 
reduced. 

[0034] For a nebulizer, high frequency voltage is sup- 
plied from a power source inside control unit 4 though 
55 cable 20 and terminals 35 and 36 to piezoelectric vibrat- 
ing element 56 to cause the element to vibrate. The volt- 
age causes the element 56 to contract from the normal 
condition, shown in Fig. 4a, r to a radially decreased con- 
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dition shown in Fig. 4b and return to the normal condi- 
tion. Due to the joinder of piezoelectric element 56 to 
plate 50 about the periphery of the element, the radial 
size reduction of piezoelectric element 56 causes plate 
50 to deflect or displace as by bowing, as shown in Fig. 
4b, and then return to the flat condition, shown in Fig, 
4a, when piezoelectric element 56 returns to the normal 
state. The action of plate 50 shown in Figs. 4a and 4b 
discharges nebulized liquid from holes 53 in mesh plate 
52. At the front surface 54 of the vibrating mesh plate 
52, the atomized liquid will grow into drops at each hole 
53 due to the liquid surface tension. The drops will in- 
crease in size until the expelling forces arising from the 
movement of mesh plate 52 and the mass of each drop 
exceeds the holding force determined by the size of the 
holes 53 in mesh plate 52 and the surface tension of the 
liquid. The drops expelled from plate 52 pass through 
tubular projection 1 6 of housing 22 into the patient limb 
10 and are inhaled by the subject as nebulized liquid. 
[0035] As noted above, valve 18, which is used for 
controlling the liquid supply from reservoir 60 to vibrating 
mesh plate 52, is formed of a fixed part 39 and a change- 
able or disposable part 69. The fixed part 39 is located 
inside plug member 30 and the disposable part 69 is 
affixed to liquid reservoir 60. The disposable part 69 in- 
cludes elements that regulate the liquid flow through the 
valve under the influence of a magnetic field, which is 
produced with thefixed part 39. As noted above, the dis- 
posable part 69 by itself functions as a shut off, prevent- 
ing liquid flow from reservoir 60. Disposable part 69, to* 
gether with fixed part 39, functions as an electrically con- 
trolled flow valve. Disposable part 69 and fixed part 39 
of the valve are shown in more detail in Fig. 5a- 1 and 
Fig. 5a-2. 

[0036] Disposable part 69 comprises a disk-like plate 

70, which is attached to, or incorporated in, plate 64 of 
reservoir 60 (not shown in Fig. 5a). Plate 70 has opening 

71. Liquid conveying tube 73 depends from plate 70. A 
stopper 75 : in which may have a shape resembling a 
bullet, is placed in tube 73. Spring 76 may also be placed 
in tube 73. Plate 70 and stopper 75 are made of ferro- 
magnetic material such as stainless steel. The upper 
end of tube 73 is connected to a tubular connector 77 
of plate 70. The lower end of tube 73 forms an opening 
74. Spring 76, if used, is interposed between plate 70 
and stopper 75 so that the spring 76 biases the stopper 
75 against the valve seat 80 formed at edges of opening 
74. The pressure of the liquid in reservoir 60 may also 
be used to press the stopper against the valve seat. 
[0037] Fig. 5b shows details of two examples of stop- 
per 75. Stopper 75 shown in Figs. 5b-1 and 5b-2 has 
lengthwise channels 78 on the cylindrical side wall, 
which are used to direct the fluid flow past the stopper 
from opening 71 to opening 74. There is a circular step 
79 at the upper end of stopper 75, resembling a corre- 
sponding step at the lower end of tubular connection 77 
of plate 70, to accommodate spring 76, if used. The up- 
per surface of stopper 75 and lower surface of tubular 



connection 77 of plate 70 may abut when stopper 75 is 
raised. 

[0038] Figs. 5b-3 and 5b-4 show another embodiment 
of stopper 75 having a generally rectangular cross -sec- 
5 tional configuration. Stopper 75 shown in Figs. 5b-3 and 
5b-4 can be easily manufactured by cutting off a piece 
from a generally rectangular bar having truncated cor- 
ners. The spaces 78Jhat are present along the sides of 
the stopper function as the channels to allow fluid flow 

10 past the stopper when the valve is open. 

[0039] As shown in Fig. 5a-2, fixed part 39 comprises 
a solenoid or a coil 41 formed of an insulated electric 
wire, such as copper having an enameled coating. Both 
ends of the wire are brought through the cylindrical, fer- 

15 romagnetic body 42 covering the coil 41 and connected 
to conductor 100 and cable 20 via appropriate power 
supply conductors 43. Coil 41 can be wound around, for 
example, a thin plastic reel (not shown in Fig. 5a-2) or 
it can be cast in resin so that there is an opening through 

20 the coil and the coil is then fitted inside the body 42. The 
sensing electrode 38, which is also made of ferromag- 
netic material, is formed at an opening at the lower end 
of cylindrical body 42 and it is also connected to con- 
ductor 1 00 and cable 20, as by conductor 45, to enable 

25 the impedance measurement used for detecting the liq- 
uid supplied to the mesh plate. 

[0040] Disposable part 69 is formed so that it fits into, 
and extends through, the tubular cavity 40 of the fixed 
part 39. When the reservoir 60 is attached to plug mem- 

30 ber 30, tubular disposable part 69 extends through cav- 
ity 40 so that the lower end of tube 73 is approximately 
at the height of lower end of sensing electrode 38. 
[0041] The functioning of the disposable part 69, 
when attached to fixed part 39, is shown in more detail 

35 in Fig. 6. The inactivated condition of valve 1 8 is shown 
in Fig. 6a. Stopper 75 is forced against valve seat 80 in 
tube 73 preventing the flow liquid from reservoir 60 
through tube 73 to the upper surface of mesh plate 52. 
When the coil 41 is connected to a voltage source, the 

40 current produces a magnetic field, as shown Fig. 6b. 
Due to the resulting solenoid action, the valve tries to 
reach an equilibrium state by moving stopper 75 up- 
wardly toward plate 70 of reservoir 60 as shown in Fig. 
6b. When stopper 75 moves toward plate 70, a channel 

45 is opened through valve seat 80 from opening 71 in plate 
70 to opening 74 in tube 73 and the liquid flows through 
the tube 73 past the stopper 75 along channels 78 onto 
mesh plate 52. 

[0042] When reservoir 60 is attached to plug member 
50 30, ferromagnetic metal plate 70 should firmly abut fer- 
romagnetic body 42 to provide the best possible mag- 
netic circuit for the flux of the magnetic field of coil 41 . 
Stopper 75, which is also made of ferromagnetic mate- 
rial, or a combination of ferromagnetic material and an- 
55 other material such as rubber, moves freely responsive 
to the magnetic field, except for the pressure of spring 
76 and/or the fluid in reservoir 60, inside the tube 73. A 
portion of the magnetic field circuit extends between 
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sensing electrode 38 and stopper 75 and the tube 73 
and the field strength weakens less, the shorter the dis- 
tance between stopper 75 and sensing electrode 38. 
That means the thinner the wall of tube 73, the better 
the magnetic circuit. The same concerns govern the 5 
spacing between stopper 75 and plate 70. The lower 
magnetic field losses in the structure, the lower the am- 
plitude of voltage that is required for controlling the 
valve. 

[0043] Figs. 7 and 8 show another embodiment of a io 
valve suitable for use in a liquid discharge apparatus. In 
this embodiment, a valve is provided internally of liquid 
reservoir 60. To this end, valve disk 1 00 is placed over 
opening 102 in plate 64 of reservoir 60. Means are pro- 
vided to bias valve disk 1 00 into contact with plate 64 to *5 
close opening 102. Such means may comprise a spring 
in a cage mounted on plate 64 or elastic threads 104 
fastened to plate 64 and arranged in a cross over valve 
disk 100. The pressure of the liquid when reservoir 60 
is filled also serves to bias the disk into contact with plate 20 
64 and close opening 102. 

[0044] The valve of Figs. 7 and 8 also includes inter- 
mediate part 1 08 formed of tube 110. Actuator member 
112 is loosely placed in tube 110 for movement from a 
lower position in which member 112 rests against shoul- 25 
der 1 1 4 and a raised position . Actuator member 1 1 2 may 
generally be formed in the same or similar manner as 
stopper 75 shown in Fig. 5b. The upper end of tube 110 
is closed by a plate 1 1 6 of ferromagnetic material con- 
taining hole118. Projection 120 of actuator member 112 30 
extends through hole 118. Tube 110 has opening 122 in 
the lower portion. 

[0045] The fixed part 39 of the valve shown in Figs. 7 
and 8 generally resembles that shown in Figs. 5a and 6 
as indicated by the common reference numerals. 35 
[0046] In the embodiment of the invention shown in 
Figs. 7 and 8, intermediate part 108 may be attached to 
reservoir 60 in the manner shown in Fig. 2. Or, interme- 
diate part 108 may be affixed inside fixed portion 39 of 
the valve. Or, intermediate part 108 may be a compo- *o 
nent separate from either reservoir 60 or fixed part 39. 
If intermediate part 1 08 is fastened to reservoir 60, it can 
be discarded with the reservoir at the end of treatment. 
If it is a separate component, it can be discarded or 
cleaned for rouse. If it is fastened to fixed part 39, it can *s 
be cleaned after use, along with the other components 
of liquid discharge apparatus 1 . 

[0047] In use, intermediate part 108 is placed in fixed 
part 39, either separately, or, if intermediate part 108 is 
fastened to reservoir 60, when reservoir 60 is attached s° 
to plug member 30. When so assembled, the upper end 
of projection 1 20 is proximate to, but spaced from, valve 
disk 100 in reservoir 60, When coil 124 is energized, 
actuator member 112 moves from the lower position 
shown in Fig. 8a to the raised position shown in Fig. 8b. 55 
Projection 1 20 extending through holes 1 1 8 and 1 02 lifts 
valve disk 100 off plate 64, allowing liquid in reservoir 
60 to flow out opening 102 through tube 110 and into 



apparatus 1. Shoulder 114 may be formed as a valve 
seatfor member 108, if desired, to provide an additional 
means for preventing liquid flow from reservoir 60 to 
nebulizer apparatus 1 when member 108 is in the lower 
position. 

[0048] Figs. 9 and 1 0 show a further embodiment of 
a valve suitable for use in a liquid discharge apparatus. 
In this embodiment, and similar to the embodiment of 
Figs. 7 and 8, a valve is provided internally of liquid res- 
ervoir 60. Valve disk 100 is placed over opening 102 in 
plate 64 of reservoir 60 and biased into contact with 
plate 64 as in one of the manners described in connec- 
tion with Figs. 7 and 8. Tube 210 extends from opening 
102 in plate 64. 

[0049] An elastic area is provided in plate 64. The 
elastic area 213 is defined by ring shaped channel 211 
having a smallerthickness than plate 64. The elastic ar- 
ea 213 can be formed in plate 64 by multi component 
fabrication techniques using, for example, plastics and 
rubber. 

[0050] An actuator member 212 is placed in magnetic 
coil 124. Actuator member 212 may comprise a ferro- 
magnetic sleeve which is loosely placed in a tubular re- 
cess in magnetic coil 1 24. The length of actuator 21 2 is 
less than the length of the recess so that actuator mem- 
ber may move upward when the magnetic coil is ener- 
gized from a lower position in which the actuator rests 
against shoulder 21 4. Projection 220 is mounted on the 
upper end of actuator member 21 2 and extends through 
hole 21 8 in the ferromagnetic body 1 23 of magnetic coil 
124. 

[0051] When liquid reservoir 60 is attached to plug 
member 30 the upper end of projection 220 is proximate 
to, but spaced from, elastic area 213. Tube 21 0 extends 
through actuator member 212. When coil 124 is ener- 
gized, actuator member 212 moves from lower position 
shown in Fig. 10a to the raised position shown in Fig. 
10b. Projection 220 extends through hole 218 and 
presses on elastic area 213. Elastic area 21 3 moves up- 
wardly and lifts valve disk 1 00 off plate 64, allowing liquid 
in reservoir 60 to flow out opening 1 02 through tube 210 
into apparatus 1 . 

[0052] It is recognized that other equivalents, alterna- 
tives, and modifications aside from those expressly stat- 
ed, are possible and within the scope of the appended 
claims. 



Claims 

1. An apparatus for discharging liquid comprising: 

a housing having an opening through which the 
liquid is discharged; 

a displaceable element in said housing which 
is subject to displacement for discharging liq- 
uid; 

means for displacing said element to cause liq- 
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uid to discharge from said opening; 
a liquid reservoir; 

liquid conveying means extending from said 
reservoir into proximity with said displaceable 
element; 

means for controlling the flow of liquid through 
said liquid conveying means, said liquid flow 
controlling means, being coupled to said reser- 
voir; 

a magnetic field source for selectively produc- 
ing a magnetic field, and 
a ferromagnetic member positioned to lie in the 
magnetic field, when formed, said ferromagnet- 
ic field coacting with said liquid flow controlling 
means and being movable responsive to the 
production of the magnetic field to allow liquid 
to flow through said liquid flow controlling 
means from said reservoir to said displaceable 
element to be discharged from said apparatus. 

2. An apparatus according to claim 1 wherein said liq- 
uid flow controlling means comprises a valve seat 
in said liquid conveying means for coacting with a 
ferromagnetic member comprising a stopper, said 
ferromagnetic stopper being in said liquid convey- 
ing means and moved to open said valve seat re- 
sponsive to the production of the magnetic field to 
allow liquid to flow through said valve seat. 

3. An apparatus according to claim 1 wherein said liq- 
uid flow controlling means comprises a valve 
mounted on said reservoir and wherein said ferro- 
magnetic member comprises an actuator, said ac- 
tuator being moved to open said valve responsive 
to the production of the magnetic field to allow liquid 
to flow through said valve. 

4. An apparatus according to claim 3 wherein said ac- 
tuator is located in said liquid conveying means. 

5. An apparatus according to claim 3 wherein said ac- 
tuator is located externally of said liquid conveying 
means. 

6. An apparatus according to claim 2 or 3 wherein said 
liquid conveying means is mounted on said reser- 
voir. 

7. An apparatus according to claim 3 wherein said liq- 
uid conveying means is an element separate from 
said reservoir and housing. 

8. An apparatus according to claim 1 or 2 wherei n said 
ferromagnetic member has peripheral channels for 
allowing liquid flow through said liquid conveying 
means. 

9. An apparatus according to claim 1 wherein said fer- 



romagnetic member is circular in cross section. 

10. An apparatus according to claim 2 further including 
bias means to bias said stopper toward said valve 

s seat. 

11. An apparatus according to claim 1 wherein said liq- 
uid conveying means is a thin walled tube. 

10 12. An apparatus according to claim 1 wherein said 
magnetic field source comprises a coil and wherein 
said liquid conveying means extends through said 
coil. 

15 13. An apparatus according to claim 1 wherein said dis- 
placeable element is conductive and wherein said 
apparatus has further conductive means extending 
toward said displaceable element for measuring, in 
conjunction with said displaceable element, an im- 

20 pedance indicative of the amount of liquid provided 
to said displaceable element. 

14. An apparatus according to claim 1 wherein said liq- 
uid reservoir is removably attachable to said appa- 

25 ratus. 

15. An apparatus according to claim 1 wherein said res- 
ervoir is formed to pressurize the liquid therein. 

30 16. An apparatus according to claim 1 wherein said dis- 
placeable element has at least one aperture 
through which liquid passes to said opening. 

17. An apparatus according to claim 1 wherein said dis- 
35 placing means comprises piezoelectric means. 

18. An apparatus according to claim 1 wherein said dis- 
placeable element is further defined as a vibratable 
element. 

40 

19. An apparatus according to claim 1 wherein said dis- 
placeable element is subject to bowing to create the 
displacement. 

45 20. An apparatus according to claim 18 wherein said 
vibratable element includes a mesh plate for atom- 
izing the liquid. 

21. An apparatus according to claim 13 further includ- 
50 jng element coupled to said apparatus for energiz- 
ing said magnetic field source responsive to the im- 
pedance measurement. 

22. An apparatus according to claim 1 , 2, 4 or 1 3 where- 
55 in said apparatus is further defined as a nebulizer 

for discharging atomized liquid. 
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